A novel Gram-negative, rod shaped, non-motile bacterium, designated strain YK2
The genus Sphingobacterium (a member of the family Sphingobacteriaceae, order Sphingobacteriales and class Sphingobacteriia, phylum 'Bacteroidetes') was established with the reclassification of two species Flavobacterium spiritivorum and Flavobacterium multivorum to Sphingobacterium spiritivorum and Sphingobacterium multivorum by Yabuuchi et al. [1] and later emended by Wauters et al. [2] . Members of the genus Sphingobacterium are Gramnegative, rod-shaped, yellow-pigmented bacteria, strictly aerobic with DNA G+C contents in the range of 36-44.2 mol%. Sphingobacterium species have been isolated from diverse group of habitats such as raw milk, diverse soil habitats, different plant parts, faeces, insect Teleogryllus occipitalis and Lake Michigan water ( [3] ; www.bacterio.net/ sphingobacterium.html). At the time of writing, a total of 43 validly described species have been accommodated in the genus Sphingobacterium [3] . Out of which, four species are reclassified based on the polyphasic taxonomic analysis to the genera Pedobacter and Flavobacterium. In the present study, we focused on the characterization and classification of strain YK2
T , which was isolated from yak milk, by polyphasic taxonomic approaches [4] and proposed a new species of the genus Sphingobacterium, for which the name Sphingobacterium bovisgrunnientis sp. nov. is proposed.
Strain YK2
T was isolated from yak milk collected from Leh, Jammu and Kashmir, India. The sample (1 ml) was serially diluted (10-fold dilutions) and 100 µl of each dilution was plated on tryptone soya agar (TSA) medium and incubated at 30 C. A shiny translucent yellow colony was observed upon 5 days' incubation, which was purified and preserved as À70 C glycerol stock for further characterization. Colony morphology was examined following growth of the strain on TSA at 37 C for 2 days. Cell morphology was investigated by light microscopy (Nikon) at Â1000 magnification and transmission electron microscope (Jeol JEM 2100) at operating voltage of 200 kV. The Gram reaction was determined by using the HIMEDIA Gram Staining Kit according to the manufacturer's protocol. Motility was assessed on Motility-Indole-Lysine HiVeg medium (HIMEDIA) with 2 g l À1 agar and also under light microscopy by using the hanging-drop method.
Physiological properties such as growth at different temperatures (5, 10, 15, 20, 25, 30, 33, 35, 37, 40 and 45 C) and different NaCl concentrations (0, 1, 2, 3, 4 and 5 % w/v) were tested by growing on TSA [5] . Growth of strain YK2
T at pH 5, 6, 7, 7.5, 8, 8.5, 9 and 10 was assessed on TSA buffered with citric acid/NaOH (for pH 5 and 6), NaHPO 4 /Na 2 HPO 4 (for pH 7 and 8) and glycine/NaOH (for pH 9 and 10). The different biochemical tests listed in the description of species and in Table 1 were carried out using culture that was grown at 37 C on TSA medium as described by L anyí [5] (catalase, oxidase activities, nitrate reduction, indole production and aesculin hydrolysis) and Smibert and Krieg [6] (H 2 S production, gelatin and urea hydrolysis). The sensitivity of strain to antibiotics was tested on TSA medium using various antibiotic discs (HIMEDIA). Biochemical and enzymatic characterization of the strain was also performed using Vitek 2 GN (bioM erieux) with incubation at 30 C, according to the manufacturer's protocol.
Standardization of the physiological age of strain YK2 T was done based on the protocol [7] given by the Sherlock Microbial Identification System (MIDI). For cellular fatty acids analysis, strain YK2 T , Sphingobacterium alimentarium WCC 4521 T and Sphingobacterium composti T5-12 T were grown on TSA plates at 37 C for 2 days (at stationary phase of their growth). Cellular fatty acid methyl esters (FAMEs) were obtained from cells by saponification, methylation and extraction following the protocol of MIDI. Cellular FAMEs were separated by gas chromatography (GC) (6890) and identified and quantified using the Sherlock Microbial Identification System (MIDI-6890 with database TSBA6). Polar lipids were extracted from strain YK2
T following the method of Bligh and Dyer [8] and analysed by two-dimensional thinlayer chromatography after spraying with appropriate detection reagents [9] . Genomic DNA was isolated by using the procedure of Marmur [10] and the mol% G+C content was determined from melting point (T m ) curves [11] obtained by using a Lambda 35 Perkin Elmer spectrophotometer equipped with the Templab 2.0 software package.
For 16S rRNA gene sequencing, DNA was prepared using a bacterial DNA isolation kit (Qiagen). The 16S rRNA gene was amplified by PCR using universal bacterial primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢). The PCR product was purified using the QIA quick PCR purification kit (Qiagen) and sequenced using an ABI PRISM model 3700 automatic DNA sequencer and Big Dye Terminator cycle sequencing kit (Applied Biosystems). The 16S rRNA gene sequence of strain YK2
T was subjected to a BLAST sequence similarity search [12] and EzBioCloud [13] to identify the nearest taxa. Based BLAST results of all 16S rRNA gene sequences belonging to the genus Sphingobacterium were downloaded from the NCBI database (www.ncbi.nlm.nih.gov) and aligned by using the CLUSTAL_W program in MEGA6 [14] . The evolutionary history was inferred by using the maximum-likelihood method [15] , neighbour-joining method [16] and maximum-parsimony method [17] using the MEGA6 package [14] . The percentage of trees in which the associated taxa clustered together is shown next to the branches. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. All positions containing gaps and missing data were eliminated. There was a total of 1331 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 [14] . The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (10 000 replicates) are shown next to the branches [18] . For DNA-DNA hybridization experiments, genomic DNA was isolated and purified according to the method of Marmur [10] with additional RNase treatment. The relative binding ratio experiment was done by following the fluorimetry method using a
Step One Plus Real-Time PCR system (Applied Biosystems) fitted with 96-well thermal cycling block in 96-well plate as described by Loveland-Curtze et al. [19] . DNA suspended in the 2X SSC and 1 : 10 000 SYBR Green was used for the analysis. DNA denaturation at 95.0 C was carried out followed by reassociation at optimum temperature 67.0 C. Fluorescence readings were taken every 10 s throughout the protocol and relative binding ratio was calculated according to De Ley et al. [20] and Gillis et al. [21] .
Cells of the strain YK2
T were Gram-negative, rod-shaped, non-motile, 0.7-1.2 µm wide and 1.6-3.2 µm long, and multiplied by binary fission (Fig. 1) . Cells of S. alimentarium WCC 4521
T and S. composti T5-12 T were slightly more slender and shorter compared with strain YK2
T . Colonies were circular, 2-3 mm in diameter, smooth, shiny, translucent, yellowish and raised with an entire margin on TSA plates. Colonies of S. alimentarium WCC 4521
T were bright orange in colour. Chemoorganoheterotrophic growth mode was observed. The strain grew between 25 to 42 C temperature and the optimum at 37 C and from pH 5 to 11, with the optimum growth at pH 7. Optimum growth occurred at salinities from 0.5 (NaCl, w/v). Both type strains, S. alimentarium WCC 4521 T and S. composti T5-12 T , were psychrotolerant compared with strain YK2
T , which is a mesophile. Strain YK2
T was susceptible to the following antibiotics (µg disc À1 unless otherwise specified): spectinomycin (100), tetracycline observed between strain YK2 T and S. alimentarium WCC 4521 T and S. composti T5-12 T with respect to the utilization of different carbon substrates, and also antibiotic sensitivity. Detailed differentiating characteristics of strain YK2
T with respect to the type strains are listed in the Table 1 .
Strain YK2
T comprises a total of 31 fatty acids. The fatty acid profile was dominated by branched, hydroxy, saturated and unsaturated fatty acids, such as iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 17 : 1 !9c and C 16 : 1 !7c and/or iso-C 15 : 0 2-OH (summed feature 3) ( Table 2 ). The overall fatty acid composition of strain YK2
T was similar to those of the two reference strains, S. alimentarium WCC 4521 T and S. composti T5-12 T ; however, isolate YK2 T could be clearly distinguished from the reference strains by the presence or absence of several fatty acids (Table 2) . Strain YK2 T contained phosphatidylethanolamine (PE), one unidentified aminophospholipid (APL1) and six unidentified lipids (L1-L6) as total polar lipids (Fig. S1 , available in the online version of this article). Similarly, S. alimentarium WCC 4521 T and S. composti T5-12
T also had PE as a major polar lipid, but could be differentiated from strain YK2
T by the presence or absence of APLs, Ls and unidentified phospholipids (PL1-3) (Fig. S1) . The DNA G+C content of the strain YK2 T was 38.9 mol% (T m ) which is very close to S. alimentarium WCC 4521 T (39.3 mol%) [3] and falls within the DNA G+C content range of the members of Sphingobacterium (36.0-44.2 mol%).
The 16S rRNA gene sequence of 1469 bp was determined for strain YK2
T . Phylogenetic relationships of strain YK2 T based on the 16S rRNA gene sequence indicated that strain YK2 T was closely related to Sphingobacterium alimentarium and Sphingobacterium composti with pair-wise sequence similarity of 98.3 and 97.9 % sequence similarity, respectively, and with other members of the genus Sphingobacterium of between 92.6 and 96.3 %. Phylogenetic analysis based on the maximum-likelihood tree indicated that strain YK2
T clustered with Sphingobacterium alimentarium and together clustered with Sphingobacterium composti (Fig. 2) . Similar topology was observed with the neighbour-joining and maximum-parsimony treeing methods also (Figs S2 and S3). DNA-DNA hybridization of strain YK2
T with S. alimentarium WCC 4521 T and S. composti T5-12
T showed a relatedness of only 38 and 54% respectively, which is lower than the proposed threshold value of 70 % [22] , confirming that strain YK2 T represents a novel species of the genus Sphingobacterium.
The main features of strain YK2
T are in line with the original and emended descriptions of the genus Sphingobacterium but could be distinguished from published closely related species S. alimentarium WCC 4521 T and S. composti T5-12 T (Tables 1 and 2 ). Thus, the cumulative differences of strain YK2
T from the closely related type strains unambiguously classify the strain as a new species of the genus Sphingobacterium, for which the name Sphingobacterium bovisgrunnientis sp. nov. is proposed.
DESCRIPTION OF SPHINGOBACTERIUM BOVISGRUNNIENTIS SP. NOV.
Sphingobacterium bovisgrunnientis (bo.vis.grun.ni.en¢tis. N. L. gen. n. bovisgrunnientis of Bos grunniens, the yak).
Cells are Gram-negative, rod shaped, 0.7-1.2 µm wide and 1.6-3.2 µm long. Cells multiply by binary fission and are nonmotile. Colonies grown for 3 days at 37 C on TSA plates are circular, 2-3 mm in diameter, smooth, shiny, translucent, yellowish and raised with an entire margin. Flexirubin-type pigment is absent. Grows at 25-42 C (optimum, 37 C) and at pH 5-11 (optimum, 7) . Optimum growth occurs at salinities up to 0.5 % (w/v). Positive for catalase and oxidase and negative for lysine decarboxylase, ornithine decarboxylase The type strain, YK2 T (=MTCC 12631 T =KCTC 52685 T =JCM 31951 T ), was isolated from yak milk collected from Leh, Jammu and Kashmir, India.
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